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ELASTIC THEORY OF DESIGN

6. Need for Elastic Analysis, (a) Elastic deformations. Because an arch
slice from a dam is not a complete ring, stresses computed in accordance with
the cylinder theory are only approximate. A complete ring under a uniform
external load is shortened. Because the shortening is uniform, the shape of
every portion of the ring must remain constant. In a segmental arch, such as
any of the arches of Figs. 3, 4, and 6, the arch length is shortened by the load
but the span is constant.141 Thus the loaded dam is deformed and moments and
shears are introduced in addition to the normal-arch loads. Stresses pro-
duced in this manner are called rib-shortening stresses. If the arch is long
and thin, with a large central angle, these stresses are small; but in thick,
small-angle arches they are important.

(b)   Temperature change and shrinkage.   A drop in temperature causes a
shortening of the arch length.   Shrinkage also results from drying out of the
concrete.    These effects produce moments which are additional to those
caused by elastic deformations.   A rise in temperature has an opposite effect.
These influences are small in flexible arches but are important in flat, thick
ones.   Both temperature and shrinkage effects may be variable throughout
the thickness of the arch ring.   (See Art. 9e.)

(c)  Abutment yielding.    In discussing elastic deformation, the abutment
span was assumed fixed.   Actually, the abutments are elastic and are slightly
spread apart by the thrust of the arch.    Such spreading adds to the rib-
shortening effect.   Also, if there are moments at the ends of the arch, the
abutment faces will rotate slightly, which introduces further elastic forces.
(See Art. 10a.)

(d)   Variable loads and arch forms.   The cylinder theory can be applied only
to a simple concentric circular ring subject to a uniform radial loading.   These
restrictions do not apply to an elastic arch.   The elastic theory is essential
where inclined or irregularly shaped arches, earthquake loading, variable silt
pressure, and other loading irregularities must be considered.

7.  Fundamentals of Elastic Theory.    The theory of elastic arches is amply
covered in treatises on mechanics, masonry construction, and continuous
structures.   Reference should be made to a good text on mechanics for a
complete discussion of fundamental principles, knowledge of which will be
assumed in the following presentation.

8.  Statically Indeterminate Reactions.   Consider the arch of Fig. 7 and for
the moment ignore foundation movement.   Assume that the arch is rigidly
attached to the abutment 1-2 and that the abutment 4-5 is removed and
replaced by a resultant R having such magnitude, direction, and position that
the end of the arch will not be rotated or displaced.    It is convenient to
resolve R into two unknown components, parallel to the x and y axes (see
Fig. 8), and to assume that these act at the neutral axis of the arch.   Actually,
the point of application is unknown.   An unknown moment MR is introduced

10 Actually the spaa is slightly lengthened from foundation yielding.   See Art. 10.